ABSTRACT
INTRODUCTION

23
In May 2005, an outbreak of Legionella pneumophila serogroup 1 occurred from an air 24 scrubber located at a large wood-based chemical factory in the south-eastern part of Norway. 25
Legionnaires' disease (LD) was diagnosed in 56 patients of whom 10 died (35). Fifty-one of 26 the patients lived in the county where the industrial plant is located. The bacteria spread more 27 than 10 km away from the scrubber probably due to the high emission velocity of the aerosols 28 at the top of the scrubber and the prevailing weather conditions (35) . Recently, the number of 29 LD patients in this outbreak was adjusted to 103 based on antibody responses in patients with 30 pneumonia from the region at the time of the outbreak (34). It is the largest outbreak of LD in 31
Norway so far; only one outbreak in 2001 with 28 cases of LD was reported previously (5). In 32 between these two outbreaks, there were yearly about 25 LD cases, about half of which were 33 imported, corresponding to an incidence of 0.6/100 000 (34). 34
35
The prevalence of antibodies to L. pneumophila in healthy individuals following larger 36 outbreaks has been described in several studies (7, 8, 13, 14, 19, 30, 36) . The aim of our study 37 was to determine whether the long-distance outbreak from the air scrubber in 2005 (35) had 38 resulted in increased antibody levels to L. pneumophila in healthy blood donors residing in 39 the exposed county compared with blood donors in a non-exposed county. Employees at the 40 chemical factory were also included to investigate if they had been subjected to a higher 41 exposure to the outbreak strain than blood donors in the same county. Antibody levels were 42 measured in an enzyme-linked immunosorbent assay (ELISA) with a pool of L. pneumophila 43 of serogroups 1 to 7 as antigen, and risk factors for LD, such as gender, age, smoking, and 44 chronic lung diseases (16), were assessed from a questionnaire. In addition, the specificity of 45 the antibody responses in participants, who showed increased antibody levels in ELISA, was 46 examined by immunoblotting with the serogroup 1 outbreak strain. 
RESULTS
122
Description of study participants. Table 1 shows the characteristics of the three groups of 123 participants in the study, i.e. the employees at the factory, where the outbreak source was 124 located, blood donors from the exposed county, and blood donors from a non-exposed county, 125 based on information from the questionnaires. Response rates for the various questions ranged 126 from 95% to 100%. Several significant differences (P = 0.0001 to 0.031) between the groups 127 were observed. There were nearly twice as many men among the factory employees than in 128 the two blood donor groups and also more men among the non-exposed blood donors 129 compared with the exposed donors. The latter group was a few years older than the two other 130 groups. Proportions of smokers among the factory employees and the exposed blood donors 131 were 2-fold higher than in the non-exposed group. A daily consumption of > 10 cigarettes was 132 reported by two to three times more factory employees compared with the blood donor 133 groups. Similar differences were also observed for chronic lung diseases and airway 134 infections during the outbreak period in May 2005. 135 136 Description of seroresponders. Measurements of IgG and IgM antibody levels to L. 137 pneumophila in the polyvalent ELISA showed that the numbers of seroresponders among the 138 factory employees, the exposed blood donors, and the non-exposed blood donors were 9 139 (4.2%), 9 (2.3%), and 10 (2.4%), respectively, but the differences between the groups were 140 not significant. Only one individual in each group had elevated IgM levels. About 60 % of the 141 seroresponders in the two blood donor groups were women, while all in the factory group 142 were men. No significant differences in age, airway infections or smoking habits between the 143 responders in the three groups were observed. within this range (Fig. 1) . The remaining 2/3 of the exposed donors resided either in a larger 157 city about 15 km southwest or elsewhere in the county. One of the remaining three 158 seroresponders worked 10 km away from the outbreak city, while two resided further away. A 159 clustering of addresses to the city of the outbreak was thus observed for the seroresponders in 160 the exposed blood donor group. In contrast, home addresses of the ten seroresponders among 161 the non-exposed blood donors were scattered all over the region (data not shown). 
Downloaded from
IgG and IgM antibody levels of exposed and non-exposed groups in ELISA. Low median 172 antibody levels to L. pneumophila were found in all three groups (Table 2) . Although the 173 differences were small with a statistical power in the lower range (0.63), factory employees 174 and exposed blood donors had significantly higher IgG levels (P < 0.002) than non-exposed 175 blood donors. The median IgM antibody levels of the two blood donor groups were similar 176 and significantly higher (P < 0.005) than for the factory group. As reported below, this 177 difference was mainly due to a gender difference in IgM levels. 178
179
Association of antibody levels in ELISA and risk factors for LD. IgG levels to L. 180 pneumophila of all participants remained constant over the age range of 18 to 69 years. In 181 contrast, IgM levels showed a weak but significant decrease with age (Spearman rank order 182 correlation coefficient -0.177; P = 0.0001). 183
184
Men and women had similar median IgG levels (11 U/ml). In line with the higher IgG levels 185 of the factory-and the exposed blood donor group shown in Table 2 , also men in these two 186 groups had higher IgG levels (12 and 13 U/ml, respectively) than men in the non-exposed 187 group (11 U/ml; P < 0.009). Exposed female blood donors also had significantly higher IgG 188 levels than non-exposed females (12 vs 11 U/ml; P = 0.014). 189
190
A gender difference for IgM was observed as the median IgM levels in women were 1.5 fold 191 higher than in men (19 vs 13 U/ml; P = 0.0001). The higher IgM levels of the blood donors 192 groups compared with the factory employees in Table 2 were explained by the larger 193 proportion of women among the donors (Table 1) Airway infections during the outbreak period, a high cigarette consumption, and chronic lung 197 diseases were reported by more factory employees than blood donors (Table 1) Table 3 . Those who worked at the air scrubber, the biological 203 treatment plant, or the combustion plant had higher median IgG and IgM levels compared 204 with those working at other sites on the main premises or 2 km away, but significant 205 differences (P = 0.013 to 0.046) were only found for employees at the treatment plant. 206
Women were not included in this analysis as all but one of the 21 female workers were 207 employed at other sites on the main premises. 208
209
Antibody specificities of the seroresponders in immunoblotting. The ELISA 210 measurements were performed with a pool of L. pneumophila of serogroups 1 to 7 as antigen. 211
To analyse whether the antibody responses of the seroresponders were directed to the 212 serogroup 1 outbreak strain (35), the sera were immunoblotted with this strain as antigen. A L. 213 pneumophila serogroup 4 strain, which had been isolated in air samples near the biological 214 treatment plant just after blood sampling of the volunteers in our study (3), was used as a 215 comparative antigen. Dot-blotting with LPS-specific Mabs demonstrated that the serogroup 1 216 and 4 strains belonged to subgroups Benidorm and Portland, respectively. 217
218
The general immunoblot pattern of all 28 seroresponders with the serogroup 1 strain ( Fig. 2A patterns in silver-stained sodium dodecyl sulphate gels (39) after proteinase K treatment of 228 the two strains (not shown). LPS is considered to represent the serogroup-specific antigen in 229 LD patients (9, 18). As seen in Fig. 2A-C In this study we measured antibody levels to L. pneumophila in exposed and non-exposed 255 groups following a 10 km long-distance outbreak of LD from an industrial air scrubber in 256
Norway (35) . Healthy employees at the industrial plant, which harboured the scrubber, and 257 blood donors from the same county had low but significantly higher IgG levels than blood 258 donors from a non-exposed region despite the fact that the statistical power of the study was 259 in the lower range. Although it cannot be excluded that the small differences may be due to 260 cross-reactive antibodies to other bacteria (15, 16), our results suggested a higher exposure 261 level of L. pneumophila in the county of the outbreak. IgG and IgM antibody levels were 262 determined with a polyvalent ELISA test for LD used in a previous large outbreak study (7, 263 8) . Interestingly, in that study the recognition of small boosting effects of L. pneumophila in 264 seroepidemiological outbreak studies was emphasized (6, 7). The similar IgG levels among 265 the factory group and the exposed blood donors were supported by the fact that no LD cases 266 among the factory employees were reported during the outbreak. This observation was 267 explained by both the height of the air scrubber and the high velocity of the emitted aerosols, 268 leading to low bacterial concentrations on the industrial premises (35). 269
270
The blood samples were collected about one year after the outbreak, and higher IgG antibody 271 levels might probably have been detected if the sampling had been performed closer to the 272 outbreak period. IgG levels decrease with time, although levels in exposed healthy individuals 273 may persist for some years after outbreaks (12, 30). The higher IgM levels to L. pneumophila 274 in the two blood donor groups compared with the factory group were caused by the age-275 dependent decrease in IgM antibodies and the higher proportions of women among the blood 276 donors, as no significant differences between the groups were found after adjustment for 277 gender and age. Age-dependent IgM decreases in healthy exposed individuals and in LD 278 on September 30, 2017 by guest http://cvi.asm.org/ Downloaded from patients have been reported previously (8, 37), as well as gender differences. Healthy women, 279 exposed to L. pneumophila, tended to have higher IgM levels than men in the same ELISA 280 test (8), and female blood donors had higher titres than men in microagglutination which 281 measures IgM (17). The antibody levels in our study were in the lower negative range 282 obtained by others with this ELISA test (7, 8, 22) . a Significantly higher compared with those working at other sites on the main premises 532 (P = 0.034) or 2 km away (P = 0.028). 
